Introduction {#S0001}
============

Anti-VEGF drugs are used worldwide for patients with age-related macular degeneration (AMD). Aflibercept has been proven effective for the suppression of choroidal neovascularization (CNV) activity in AMD. The effect of bimonthly intravitreal injections of aflibercept (IVA) is comparable to that of monthly intravitreal injections of ranibizumab (IVR). However, some patients do not show initial response to IVA (nonresponders). In some patients, the response to IVA gradually deteriorates after repeated injections (tachyphylaxis, short-term tolerance). In patients with tachyphylaxis, suspending the treatment (drug holiday) is sometimes effective to restore response to the drug. However, during drug holidays, CNV activity can increase, due to the cessation of treatment for AMD. This study was undertaken to investigate switchback from ranibizumab to aflibercept, in order to regain the effectiveness of aflibercept without the use of drug holidays, for patients who did not exhibit sufficient response to initial aflibercept injections.

Methods {#S0002}
=======

Patients with no improvement in best-corrected visual acuity (BCVA) and no decrease in central retinal thickness (CRT) \>10% measured by optical coherence tomography (OCT) after initial therapy were defined as nonresponders. Patients who showed improvement in VA and decrease in CRT \>10% after initial therapy and those whose response deteriorated after following injections were defined as patients with tachyphylaxis. Eleven eyes of eleven patients (nine males and two females, average age 71.5±6.3 years) were included in this study. Baseline characteristics of these patients are shown in [Table 1](#T0001){ref-type="table"}. Ten eyes exhibited typical AMD, and one eye exhibited polypoidal choroidal vasculopathy. All typical AMD patients demonstrated occult CNV. They received three initial injections of aflibercept and continued to receive injections in accordance with the treat-and-extend method. For patients with difficulty in extending their aflibercept-treatment intervals, switchback from ranibizumab to aflibercept was considered. After the switch from aflibercept to ranibizumab, three monthly injections of ranibizumab were performed, followed by switchback to aflibercept. This retrospective study was performed with written informed patient consent after approval by the Kansai Medical University Medical Center Institutional Review Board, and conducted in accordance with the principles of the Declaration of Helsinki. Patients were followed up for \>12 months after switchback. A comprehensive ophthalmic examination, including BCVA and spectral domain OCT imaging using the RTVue-100 (Optovue, Fremont, CA, USA), was performed at every visit. BCVA was measured with a Japanese standard decimal visual chart, and the logarithm of minimum angle of resolution (logMAR) scale was used for statistical analysis. Comparisons were made of the interval of administration of aflibercept, VA, and CRT measured by OCT before switch and after switchback. Statistical analysis was performed using SPSS (IBM, Armonk, NY, USA). The Wilcoxon signed-rank test was used to compare VA, CRT, and interval of administration of aflibercept before and after switchback, because these data did not exhibit normal distribution.Table 1Baseline characteristicsAge (years) mean ± SD71.5±6.3Male (eyes), n9 (81.8%)AMD typeTypical (eyes), n10 (90.9%)PCV (eyes), n1 (9.1%)BCVA, mean ± SD (logMAR)0.22±0.35CRT, mean ± SD (µm)306.8±196.4GLD, mean ± SD (µm)3,232.3±1,377.4[^1]

Results {#S0003}
=======

Changes in VA are shown in [Figure 1](#F0001){ref-type="fig"}. BCVA before switch was 0.22, whereas it was 0.24 at 12 months after switchback. These values did not significantly differ (*P*=0.62). BCVA deteriorated after switching (*P*=0.03), but had recovered at 6 months after switchback (*P*=0.09). Changes in CRT are shown in [Figure 2](#F0002){ref-type="fig"}. CRT decreased from 306.8 µm before switching to 256.1 µm at 12 months after switchback (*P*=0.13). Intervals between administration of aflibercept changed from 6.73 weeks before switching to 9.27 weeks after switchback ([Figure 3](#F0003){ref-type="fig"}). These did not significantly differ (*P*=0.96). Numbers of IVA injections in 1 year are shown in [Figure 4](#F0004){ref-type="fig"}. These decreased from 8.6 before switch to 6.7 after switchback (*P*=0.11). Four eyes (36.4%) exhibited an extended interval for administration of aflibercept after switchback. Notably, all four exhibited tachyphylaxis to initial aflibercept injections. Among seven eyes that did not demonstrate an extended interval after switchback, two were eyes of nonresponders; moreover, two of the seven had exhibited persistent exudation before switch, which fully resolved after switchback. In other words, all eleven eyes showed exudation before switch, and complete fluid absorption was achieved after switchback in six eyes (55%). If we regard eyes with dry maculae after switchback as those in which switchback was effective and those without dry maculae as eyes in which switchback was not effective, there was no significant difference between the two groups in terms of AMD type, greatest linear dimension (GLD), or period from initiation of therapy to switch. Nonresponders and tachyphylaxis cases are shown in [Table 2](#T0002){ref-type="table"}.Table 2There was no significant difference between the two groups (effective and ineffective) in terms of AMD type, GLD, or period from initiation of therapy to switchEffective (six eyes)Ineffective (five eyes)AMD type (occult/PCV)6/04/1*P*=0.25 (χ^2^)GLD2,817.3 µm3,730.2 µm*P*=0.32 (Welch's *t*)Period from initiation of therapy to switch25.8 months30.8 months*P*=0.46 (Welch's *t*)[^2] Figure 1Mean change in BCVA before switch and 6 months after switchback. BCVA was 0.22 before switch and 0.24 after switchback. These did not significantly differ (*P*=0.62; Wilcoxon signed-rank test).**Abbreviations:** BCVA, best-corrected visual acuity; NS, not significant.Figure 2Mean change in CRT before switch and 6 months after switchback. CRT decreased from 306.8 µm before switch to 256.1 µm after switchback (*P*=0.13; Wilcoxon signed-rank test).**Abbreviations:** CRT, central retinal thickness; NS, not significant.Figure 3Interval of aflibercept administration before switch and after switchback.**Notes:** The interval changed from 6.73 weeks before switch to 9.27 weeks after switchback. These did not significantly differ (*P*=0.96; Wilcoxon signed-rank test). In two eyes of nonresponders, the administration interval could not be extended.**Abbreviation:** NS, not significant.Figure 4Number of aflibercept injections in 1 year.**Notes:** The number changed from 8.6 before switch to 6.7 after switchback. These did not significantly differ (*P*=0.11; Wilcoxon signed-rank test).**Abbreviation:** NS, not significant.

Discussion {#S0004}
==========

There have been recent reports regarding patients who were nonresponders to anti-VEGF drugs.[@CIT0001],[@CIT0002] In one report on nonresponders to aflibercept, nonresponders to aflibercept in treatment-naïve and treatment-switched groups comprised 8.1% and 15.5% determined by BCVA and 12.9% and 8.5% via fundus findings. Generally, tachyphylaxis is a condition in which the response to drugs gradually deteriorates after repeated administration over a short period.[@CIT0002] Acquisition of drug tolerance and drug resistance are caused by upregulation of target cells and elevation in the number of drug-tolerant cells. The use of drug holidays has been reported as effective with respect to preventing and resolving drug tolerance and resistance in patients with melanoma,[@CIT0003] breast cancer,[@CIT0004] and lung cancer.[@CIT0005] To regain drug effectiveness, the use of drug holidays is also considered useful for anti-VEGF therapy in patients with AMD; however, the use of drug holidays may increase CNV activity. Rather than using drug holidays, continuation of treatment with other anti-VEGF drugs may provide suppression of CNV exudation. In the present study, we administered IVR in place of a drug holiday. Ranibizumab is an anti-VEGF antibody and a Fab fragment of humanized monoclonal antibody. Aflibercept is a recombinant fusion glycoprotein with an Fc portion of human IgG~1~ to which the extracellular domains of human VEGFR1 and VEGFR2 are fused. It has high affinity with not only VEGFA but also other factors in the VEGF family, such as VEGFB and placenta growth factor. Moreover, Platania et al reported that aflibercept--VEGFA and ranibizumab--VEGFA complexes considerably differed considerably in terms of both molecular interactions and stabilizing energy.[@CIT0006] We thought this result might explain the effects of switchback. A prior study on switchback from aflibercept to ranibizumab for AMD showed a short-term benefit.[@CIT0007] Waibel et al reported that switchback from aflibercept to ranibizumab may improve morphological parameters and stabilize VA in patients with AMD.[@CIT0008]

In this study, the interval of injection was extended in four eyes. Dry macula was achieved in two of seven eyes in which extension was not obtained after switchback. Therefore, switchback was effective in six of eleven eyes (54.8%). Notably, we found a benefit of switchback in eyes with tachyphylaxis to aflibercept (six of nine, 66.7%). In contrast, in nonresponders, we did not find any benefit of switchback. We suspect that in nonresponders, there is an intrinsic lack of responsiveness to anti-VEGF drugs, eg, because ofmaturity of vessels and atrophy of retinal pigment epithelium, which is not affected by switchback. We may need to consider options for treatment of nonresponders other than anti-VEGF drugs. This study had limitations of a small number of cases and being retrospective. Additional studies are needed to confirm the benefit of switchback from ranibizumab to aflibercept for AMD patients.

Conclusion {#S0005}
==========

The present study showed that switchback from ranibizumab to aflibercept might be beneficial in some patients with AMD for whom responsiveness to aflibercept has deteriorated after repeated drug administration. Switchback is not necessarily effective for all AMD patients, but it might be worth a try for patients who have inadequate responses to drugs.
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[^1]: **Abbreviations:** AMD, age-related macular degeneration; PCV, polypoidal choroidal vasculopathy; BCVA, best-corrected visual acuity; CRT, central retinal thickness; GLD, greatest linear dimension.

[^2]: **Abbreviations:** AMD, age-related macular degeneration; PCV, polypoidal choroidal vasculopathy; GLD, greatest linear dimension.
